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USE OF AN X-RAY NANOTOMOGRAPH AND MICROTOMOGRAPHS TO INVESTIGATE, IN TWO AND 
THREE DIMENSIONS, THE POROUS SPACE AND THE WATER WITHIN SOIL SAMPLES
Abstract: ;UD\ WRPRJUDSK\KDVEHHQ VKRZQDYHU\XVHIXO WHFKQLTXH IRU VWXG\LQJ VRLOV QRQGHVWUXFWLYHO\ DW
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1. Introdução
2VRORpXPPDWHULDOFRPSOH[RSRLVpFRPSRVWRGDLQWHUDomRGHSDUWtFXODVPLQHUDLVPDWHULDLVRUJkQLFRV
iJXDHDUHVLPXOWDQHDPHQWHVmRHVWDEHOHFLGDVQRVHXLQWHULRUDWLYLGDGHVItVLFDVTXtPLFDVHELROyJLFDVDVTXDLV
SURSLFLDPRGHVHQYROYLPHQWRGDYLGDYHJHWDOHDQLPDO(QWHQGHURFRPSRUWDPHQWRGDiJXDHGHVROXWRVQRLQWHULRU
GRHVSDoRSRURVRpXPDIURQWHLUDGRFRQKHFLPHQWR1HVWHFRQWH[WRRXVRGHWpFQLFDVHPpWRGRVGHLPDJHPQmR
GHVWUXWLYRVPLQLPDPHQWHLQYDVLYRVpGHJUDQGHYDOLD'HVWDFDVHQHVVHREMHWLYRDPLFURHDQDQRWRPRJUD¿D
FRPSXWDGRUL]DGDGHUDLRV[FRPRLQVWUXPHQWDo}HVDYDQoDGDVTXHSHUPLWHPDPHGLomRGHGLYHUVDVSURSULHGDGHV
ItVLFDVGRVROR
&QXGGH	%RRQHGHVWDFDPDOJXPDVYDQWDJHQVHOLPLWDo}HVGRVPLFURV&7VFRPRSHUPLWLUDYLVX-
DOL]DomRHDDQiOLVHWULGLPHQVLRQDOGHREMHWRVRSDFRVVHUXPDWpFQLFDQmRGHVWUXWLYDPDVWDPEpPDLQGDGHSHQGHU
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GRVRSHUDGRUHVQDDTXLVLomRGHLPDJHPHDSUHVHQoDGHUXtGRVHDUWHIDWRVQDVLPDJHQV$FUHGLWDVHTXHQRIXWXUR
SUy[LPRXPDVpULHGHOLPLWDo}HVSRGHUmRVHUUHGX]LGDVQDPHGLGDHPTXHDVWHFQRORJLDVHSHVTXLVDVSURJULGDP
4XDQWRjWUDEDOKRVUHODFLRQDGRVDRXVRGHQDQRWRPRJUD¿DGHUDLRV;HPODERUDWyULRVmREDVWDQWHHVFDVVRVQR
kPELWRJOREDO+(//,:(//HWDO
3LUHVHWDODSUHVHQWDPXPDERDUHYLVmRGDVSULQFLSDLVSXEOLFDo}HVLQLFLDWLYDVHUHDOL]Do}HVEUDVL-
OHLUDVQRFDPSRGDWRPRJUD¿DDSOLFDGDjVRORVQRVSULPHLURVDQRVGHWRPRJUD¿DGHVRORVQR%UDVLO$(PEUDSD
,QVWUXPHQWDomRWHPOLGHUDGRDFRQVWUXomRHXVRGH WRPyJUDIRVGHGLFDGRVDVRORV0DFHGRHPWUDEDOKR
SLRQHLURDSUHVHQWDDFRQVWUXomRGHXPPLFURWRPyJUDIRGH UDLRV;GHSULPHLUDJHUDomRREWHQGRDVSULPHLUDV
LPDJHQV GHPHLRV SRURVRV HP UHVROXomRPLFURPpWULFD:LOGHQVFKLOG HW DO PRVWUDUDP DV YDQWDJHQV H
OLPLWDo}HVGHYiULRVVLVWHPDVGHWRPyJUDIRHPGLIHUHQWHVWDPDQKRVGHDPRVWUD5HFHQWHPHQWH9D]HWDO
UHDOL]DUDPHVWXGRVXWLOL]DQGRPLFURWRPRJUiIRGHUDLRV;±6N\VFDQ%pOJLFDFRQWULEXLQGRQDTXDQWL¿FDomRGH
SRURVLGDGHHVXDGLVWULEXLomRSDUDGRLVVRORVEUDVLOHLURV2WHPSRGHSURFHVVDPHQWRHDTXDOLGDGHGH LPDJHP
DLQGDFRQVWLWXHPDOJXPDVOLPLWDo}HV6/(87(/HWDO&18''(	%221(1RHQWDQWRDSURYHL-
WDQGRVHGDVRSRUWXQLGDGHVTXHRVHTXLSDPHQWRVGHPLFURWRPRJUD¿DGHUDLRV;SURSLFLDPYiULDVSHVTXLVDVWHP
VLGRGHVHQYROYLGDVFRPFRQWULEXLo}HVGHYDQJXDUGDQR%UDVLO3DXOR/DVVRXWLOL]RXDPLFURWRPRJUD¿D
SDUD FDUDFWHUL]DU UHVtGXRV GD FRQVWUXomR FLYLO H GH GHPROLomR UHFLFODGRV YLVDQGRXWLOL]DORV SDUD XVR DJUtFROD
3HVTXLVDGRUHVGD8QLYHUVLGDGH)HGHUDOGH6DQWD&DWDULQDWHPVHGHVWDFDGRQRXVRGDPLFURWRPRJUD¿DHPHVWXGRV
QmRGHVWUXWLYRVGHPHLRVSRURVRVSULQFLSDOPHQWHPHLRVURFKRVRV)(51$1'(6HWDO=XEHOGLDQD
8QLYHUVLGDGHGH%UDVtOLDXWLOL]RXLPDJHQVWRPRJUi¿FDVHPHVFDODPLFURPpWULFDHDXW{PDWRVFHOXODUHVELGLPHQ-
VLRQDLVSDUDJHUDUPHLRVSRURVRVDUWL¿FLDLV7VHQJXWLOL]DQGRVHGHGRLVWRPyJUDIRVFRPHUFLDLVGLIHUHQWHV
DYDOLRXYiULDVDPRVWUDVGHVRORVREGLYHUVRVPDQHMRVDJUtFRODV8WLOL]DQGRVHGDVLPDJHQVWRPRJUi¿FDVIRLFDSD]
GHHVWDEHOHFHUFRUUHODo}HVFRPDTXDOLGDGHGRVRORHSRVVtYHLVLPSDFWRVDPELHQWDLVGDVDWLYLGDGHVDJUtFRODV0DLV
UHFHQWHPHQWHFRPRDGYHQWRGHLPSUHVVRUDV'WRUQRXVHSRVVtYHOUHSURGX]LUDPDWUL]VyOLGDGRVRORDSDUWLUGH
LPDJHQVWRPRJUi¿FDVREWLGDVGHDPRVWUDVGHVRORUHDO3RUWDQWRDDVVRFLDomRGRVHTXLSDPHQWRVGHWRPRJUD¿D
FRPDV LPSUHVVRUDV'DEUHPHQRUPHVSRVVLELOLGDGHVGH UHDOL]DomRGHSHVTXLVDVHHQVDLRVQmRGHVWUXWLYRVGH
PHLRVSRURVRVLQFOXLQGRPRGHODJHPHVLPXODomRFRQIRUPHSLRQHLUDPHQWHGHPRQVWUDGRSRU2]HOLP
2REMHWLYRGHVVHHVWXGRIRL UHDOL]DUXPHQVDLRSUHOLPLQDUGDDSOLFDomRGHPLFURHQDQRWRPRJUD¿DGH
UDLRV;SDUDYLVXDOL]DomRGHVRORVHFRHXPHGHFLGR)LQDOPHQWHHVSHUDVHFRPHVVHWUDEDOKRSURSRUFLRQDUQRYDV
RSRUWXQLGDGHVSDUDHVWXGRVTXDOLWDWLYRVHTXDQWLWDWLYRVGHVRORSRUPHLRGHWHFQRORJLDVQmRLQYDVLYDVHPPXOWLHV-
FDODGRQDQ{PHWURDRPLFU{PHWUR
2. Material e Métodos
 7RPyJUDIRV GH UDLRV; HP UHVROXomR QDQRPpWULFD H PLFURPpWULFD QD REWHQomR GH LPDJHQV
WRPRJUi¿FDV
$DTXLVLomRGDVSURMHo}HVHDUHFRQVWUXomRGDVUHVSHFWLYDVLPDJHQVELGLPHQVLRQDLVIRUDPREWLGDVDSDUWLU
GDXWLOL]DomRGHWUrVHTXLSDPHQWRV1DQRWRPyJUDIRGH;UDGLDPRGHOR8OWUD;50/0LFURWRPyJUDIR
GH;UDGLDPRGHOR9HUVD;50DPERVSHUWHQFHQWHVDR/DERUDWyULRGH0HLRV3RURVRVH3URSULHGDGHV7HUPRIt-
VLFDV/037GD8QLYHUVLGDGH)HGHUDOGH6DQWD&DWDULQD&DPSXV)ORULDQySROLVH0LFURWRPyJUDIRGHUDLRV[
6N\VFDQPRGHORGD(PEUDSD,QVWUXPHQWDomR$JURSHFXiULD6mR&DUORV3DUDUHDOL]DURVSULPHLURVHQVDLRV
FRPVRORVIRUDPFRQGX]LGRVH[SHULPHQWRVHPPXOWLHVFDODDEUDQJHQGRXPDIDL[DGHUHVROXomRDPSODTXHYDULRX
GRPLFU{PHWURDRQDQ{PHWUR
2.2. Preparação de amostras de solo
0LFURWRPRJUD¿D
3UHSDURXVHDDPRVWUDVHFDDSDUWLUGHXPEORFRGHVRORQDWXUDOGRQGHIRLLQVHULGRXPDQHODFUtOLFRSUp
FRQIHFFLRQDGRFRPRGLkPHWURLQWHUQRGHPPSRUPPGHDOWXUDDSUR[LPDGDPHQWH(PVHJXLGDHVVHDQHO
GHVRORIRLFRORFDGRQDHVWXIDSDUDVHFDUjo&HOVLXVGXUDQWHKRUDV'HSRLVGLVVRDDPRVWUDIRLLQWURGX]LGD
HPXPDVROXomRGH.,,RGHWRGHSRWiVVLRDGXUDQWHKRUDV(SRU¿PHPEUXOKRXVHDDPRVWUDFRPR
3DUD¿OPSURFXUDQGRYHGDODGHIRUPDDPLQLPL]DURSURFHVVRGHHYDSRUDomRRXYD]DPHQWRGDVROXomRGXUDQWH
RH[SHULPHQWR
1DQRWRPRJUD¿D
9LVDQGRVHDGTXLULULPDJHQVQRLQWHULRUGRQDQRWRPyJUDIR;UDGLD8OWUD;50/IRLQHFHVViULRTXH
DDPRVWUDSDVVDVVHSRUXPDSUHSDUDomRSUpYLD&RPHVVH¿PSDUWLQGRVHGHXPDDPRVWUDGHVRORVHFRDRDUSUR-
FHGHXVHjVHJPHQWDomRGDPHVPDDWpDWLQJLUGLPHQV}HVPLFURPpWULFDVUHVXOWDQGRHPXPDJUHJDGRGHVROR(P
VHJXLGDRDJUHJDGRIRLVXEPHWLGRWUrVYH]HVDXPSURFHVVRGHDEODomRDODVHUDWpDWLQJLURIRUPDWRGH³HVFDGD´
TXHpFRQVLGHUDGDDIRUPDPHFkQLFDPDLVUHVLVWHQWHTXHDGRVLPSOHVFLOLQGUR
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3. Resultados e Discussão
0LFURWRPRJUD¿DGHVRORVVHFRVHXPHGHFLGR
,QLFLDOPHQWHIRLUHDOL]DGRXPH[SHULPHQWRHPPXOWLHVFDODSDUDREWHULPDJHQVGHGLIHUHQWHVUHVROXo}HV
)LJXUDFRPRLQWXLWRGHYHUL¿FDURSRWHQFLDOGRVHTXLSDPHQWRVSDUDRV¿QVGHVVHWUDEDOKRDVVLPFRPRHVFR-
OKHUDUHVROXomRPDLVDGHTXDGDFRQVLGHUDQGRHTXLSDPHQWRTXDOLGDGHGDLPDJHPHWHPSRGHDTXLVLomR
'HVVDIRUPDDVGXDVUHVROXo}HVTXHPHOKRUUHSUHVHQWDUDPDPRUIRORJLDGRLQWHULRUGRVRORIRUDPGH
+PREWLGDQD8)6&H+PQD(PEUDSD±,QVWUXPHQWDomR/HYDQGRVHHPFRQVLGHUDomRRWHPSRGHDTXLVLomR
GDVLPDJHQVHDORJtVWLFDGHWUDQVSRUWHGDVDPRVWUDVIRLDGRWDGDDUHVROXomRGH+PFRPRLGHDOSDUDDVDTXLVLo}HV
2EVHUYRXVHQDPLFURWRPRJUD¿DTXHDSUHVHQoDGHiJXDSXUD)LJXUDQRVRORQmRpYLVXDOPHQWHWmR
HYLGHQWHTXDQWRjVROXomRGHLRGHWRGHSRWiVVLR.,)LJXUD3RUWDQWRSRGHVHGL]HUTXHIRLPDLVYDQWDMRVD
DLQVHUomRGDVROXomRGH.,QRVRORYLVDQGRVHPHOKRUDURFRQWUDVWHGDLPDJHPGLVWLQJXLQGRDVGLIHUHQWHVIDVHV
HPFRQWDWRFRPDPDWUL]VyOLGDGRVROR(PERUDDLQGDRXWURVHVWXGRVVHIDoDPQHFHVViULRVSRGHVHDQWHFLSDUTXH
HVVHVUHVXOWDGRVVmRPXLWRSURPLVVRUHVSDUDHVWXGRVTXDOLWDWLYRVHTXDQWLWDWLYRVQRTXHVHUHIHUHDRHVSDoRSRURVR
HVXDRFXSDomRFRPiJXDHVROXWRV
    
)LJXUD $QiOLVH PRUIROyJLFD GH DPRVWUDV GH VROR VHFR HPPXOWLHVFDOD +P +P H +m e solo 
XPHGHFLGRFRPiJXDHVROXomRGH.,D
1DQRWRPRJUD¿DGHXPVRORVHFR
(PERUDRPpWRGRGHSUHSDUDomRGHDPRVWUDXWLOL]DGRSDUDRQDQRWRPyJUDIRSRVVLYHOPHQWHWHQKDFDXVDGR
SHUWXUEDo}HVQDPHVPDIRLSRVVtYHOREWHULPDJHQVWRPRJUi¿FDVFRPUHVROXomRGHQDQ{PHWURVPRVWUDQGRD
SUHVHQoDGHHVSDoRVYD]LRVQRLQWHULRUGHDJUHJDGRVRXHVWUXWXUDVVyOLGDV)LJXUD3RGHVHFRQVLGHUDUFRPRXP
UHVXOWDGRSURPLVVRUSRLVFHUWDPHQWHHQYROYHPIHQ{PHQRVTXHDLQGDQmRIRUDPH[SORUDGRVQHVVDHVFDODGHH[SH-
ULPHQWDomRPLQLPDPHQWHLQYDVLYDV3URFXUDVHQRPRPHQWRSUHSDUDUDJUHJDGRVGRVRORRPDLVQDWXUDOPHQWH
SRVVtYHOGHPRGRDLQYHVWLJDORVXWLOL]DQGRVHGDQDQRWRPRJUD¿D
  
)LJXUD $QiOLVH PRUIROyJLFD HP SODQRV GLIHUHQWHV GH XPD QDQRWRPRJUD¿D GH VROR FRP UHVROXomR
HVSDFLDOGHQPHUHFRQVWUXomR'
&RQVLGHUDo}HV¿QDLV
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